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. NATTONAL ADVISORY COMMITTEE FOR AFRONAUTICS

N TECHNICAL NOTE NO. 1163

THE SYNTEESIS AND PURIFICATION OF ARCMATIC HYDROGARBONS
IV - 1,2,3-TRIMETHYLBENZENE

By J. M. Lemberti, T. W. Reynolds, and H. H. Chanan

SUMMARY

A B-gallon gquentity of 1,2,3-trimethylbenzene was prepareh and
purified in a four-step synthesis involving the condensation of
1,3-pentadiene with crotonaidehyde. The dimethylcycloliexencarbox-
aldehydes formed were hydrogenated to give the corresponding isomeric

. dimethylcyclohexylcarbinols. The dehydration of the carbinols and
the subsuquent dshydrogenation of the trimethylcyclohexenes yielded
the 1,2,35-trimethylbenzene. The over-all yield was 24 percent; the
physical properties of the material are given.

INTRODUCTION

The preparation of pure 1,2,3-trimethylbenzens was undertaken
as a vart of the program being conducted at the NACA Cleveland lab-
oratory on the study of aromatic hydrocarbons as pbdssible components
of aviation fuel. The methods of synthesis of other aromatic hydro-
carbons prepared at thls leboratory are given in references 1 to 3.
Soveral methods of preparing 1,2,3-trimethylbenzene that are reported
in the literature were considered not suitable for practicable larze-
gcale synthesis.

The hydrocarbon was first -prepared 1n 1886 by Jacobson (refer-
snce 4) by the decarboxylaticn of 3,4,5-trimethylbenzoic acid. In
1887 Jacobson and Deike (reference 5) prepared the hydrocarbon by
the treatment of 1,3-dimethyl-2-bromobenzene with methyl iodide and
sodium. In 1919 von Auwers (reference 8) synthesized the compound
by treating 1,2-dimethyl-3-iodobenzene with methyl lodide and sodium.

The preparation of hemimellitene by the chloromethylation of
o-xylons, using the method of von Braun and Nelles (reference 7),
produced a mixture of 1,2,4- and 1,2,3-trimethylbenzenes. Preliminary
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“investigationa of this method at the Cleveland laboratory showed an
over-all yleld of 10 percent of the 1,2,3-trimethylbenzene and

30 percent of the 1,2,4-isomer, which dwa not Justify large-acale
synthesgls. The reactions are as follows:

/\ CH3
| ﬂ + (HCEG)y + BCL —m> NaQH
= lCHg
S
CHoCL
CH
. TGE
g
— ”/’///;7 g CHx
————> DIMETHYLBENZYL +
ETHERS 3
l
CHs

In a series of Grignard reactions starting with benzyl chloride
and subsequent reactions based on the Tiffensau rearrangement Smith
and Spillane {reference 8), who based their work partly on the inves-
tigations of P. 0, Tawney and C. L. Agre conducted at the University
of Minnesota from 1934-1936, were able to increase the over-all yield
of hemimelllitene from 1l percent, as obtained by Agre, to 26 percent.
The method described in reference 8 was investigated rather exten-
sively but, on account of the considerable amount of time involved in
the large-scale Grignard reactions and the difficulty of the purifi-
cation of the various intermediates, it did not warrant further
large-scale ruma. The reactiona are asg follows:
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The method that proved successful was the Diels-~-Alder condensa-
tion as reported by Joshel and Butz (reference 9). The adaptation
of this method to the preparation of aromatic hydrocarbons was
reported by Tom and Boord at a mestiung of the American Chemical
Society at Cleveland, Chio, in April 1944 (reference 10},

DISCUSSION COF SYHTEESIS

The synthesis of 1,2,3-trimethyibenzene was carried out 1n
2¢-percent over-z1ll yield by the following procedurse:

CHz CHz

~"“\.CHO Ho CH,OH
T
CEx N0 AN
éH 7o+ + ———
y. ca CHz ///
=14 HC-CHO |/\CH3 Hp "~ CH3
|+ e — l\/lw oF
EC HC-CHx 2
A\ + +
CH, PIPERYLINE _ Hp HYDROGENATED
DIMER > DIMER
CHsz
-F # ~\ CHz
—— TRIMETHYL- 2 5 |

CYCLOHEXENES ~. ~CHz
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Pinerylene (1,3-pentadiene) and crotonaldehyde were condensed
in an autoclave at 200° C for 4 hours. Wken 30 to 40 percent (by
weight) of the crotonaldehyde was used, tre yields of the mixture of
the dimethylcyrclohexencarboxaldeliydes were 40 to 55 perxcent. The
presgures developed in the autoclave were 300 to 400 pounds per sguare
inch and the pressure droppsd to about 250 pounds per square inch at
the completion of the condensation. When 40 to 50 percent (by welght)
of the crotonaldehydo was used, however, the yields were considerably
lowver (25 to 30 percent) and unusually high pressures, 500 to
1670 pounds per square inch (fig. 1), developed. No explanation can
be offered for the occurrence of the unusually high pressures because
the temperature remained at 200° C within £5°. W¥hen piperylene alone
vag added to the autoclave and hsated to 200° C for periods of bime
up to 3 hours no unusual pressures developed.

The reaction mixturs was gtripped of 1ts low and high bolling
corponents. The adduct, boiling from 170° to 190° C at atmospheric
pressure (approximately 120° C at 50 mm), was approximately 55 per-
cent of the theoretical yield based on the amount of crotoneldechyde
uged. Both the piperylene and crotonaldehyde were used as cormer-
cially obtained without further purification. The commerclal piper-
ylene was 80 percent pure, and according to Craig (reference 11l) only
the trans-isomer reacts in the dlene condensations.

The adduct, a mixture of dimethylcyclohexencarboxaldehydes, was
hydrogenated to the corresponding dimethylcyclohexylcarbincols in an
autoclave using a nickel hydrogenation catalyst at a temperature of
120° C. The hydrogenation proceeded readily at 120° C, but the tem-
perature was elways raised to 150° C at ths end to insure complete
hydrogenation.

The nmixture of the carbinols was taken from the autoclave without
purification and dehydrated by passing the material throush & Z2-inch
by 10-foot column packed with alumina, which was heated to between
380° and 400° C. The resulting crude trimcthylcyclohexene mirxture,
which was obtalned in approximetely S8Z-percent yleld, was carefully
fractionated through a 2-inch by l2-Foot column contalning Fenske-
tyve packing and yilelded 63 percent of the charge as pure trimethyl-
cyclohexenss. Careful fractionation (100-theoretical plate column,
50:1 reflux ratio) was necesgsary to remove the piperylens dimer
becauge the dimer boiled at approximetely the same temperature as the
finsel hydrocarbon.

The purified trimesthylcyclohexenes were deshydrogenated by passing
the material through a 2-inch by 10-foot column containing chromia-
alumina catalyst heated to a temperature betwoen 450° and 470° C.



NACA TN No. 1163 S

The 1,2,3-trimethylbenzene, which was obtained in 79-psrcent
yield frcm the dehydrogenation of the purified trimethylcyclchexenes,
wag purified by fractional distillation in & 100-plate column. The
final product had a yellow color after fractionation and it was nec-
egsary to reflux the material over sodlium to obtain & colorless
material. The over-all yleld of 1,2,3-trimsthylbenzene in the syn-
thesis was approximately 24 percent.

The physical constants of the "best" sample obtained at this
laboratory and of the "engine grade" semple material are shown in
table I along with values obtained at other laboratories (refer-
ences 8, 12, and 13) for comparison. Freezing curves of the best
semple are shown in figure 2(a) and of the engine grade sample in
figure 2(b). Readings as shown in the curve were taken on a platinum
registance thermometer in ohms and converted (by compubation) to
Centigrade degrees.

EXPERTMENTAT, DETATIS

A 8-gallon quantity of pure 1,2,3~trimsthylbenzens was yrepared
according to the foregoing procedure. Typical quantities of react-
ants and yields in the various steps are presented as follows.

Condensation of crotonaldshyde and piperylene. - In one run
5.57 kllegrams (81.8 moles) of commerclal piperylens and 4.54 kilo-
grams (64.9 moles) of commercial crotonaldehyde were added to a
20-1iter rocking autoclave eguipped with thermostetically controlled
electric heaters and a Jacket for alr cooling. The tempserature was
held at 200° C and the reaction allowed to proceed until the pressure
dropped to a constant value, usually 250 pounds per square inch. The
condensation required about 5 hours. The condensation product after
stripping yielded 4.83 kilograms (54 percent) of material bolling
from 170° to 190° C. No attempt was made to separate the piperylene
dimer from the dimethyleyclohexencaerboxaldehydes because the semaration
could be accomplished sharply and more sagily in a later step.

An attempt to separate the possible isomeric aldehydes by frac-
tionation in & l-inch by 7-foot glass cclumn, packed with l/é-inch
single turn glass helices, tested efficlency 82 plates, proved
unsuccegsful,

Eydrogenation of the dimethylcyclohexencarboxaldehydes. - The
cruvde aldenyde mixture, 9.1 kilograms, and nicksl hydrogenation
catalyst (454 grams) were added to the same autoclave that was used
for the condensation runs. The autoclave was heated to 120° C and
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the hydrogen wae intermittently charged until the pressure no longer
dropped, indicating that the hydrogenation was completed. The time
reguired for complete hydrogenation was 10 to 12 hours when fresh
catalyst was used. The amount of the reaction product recovered wag
9.1 kilograms (97 percent). The same catalyst could be used for
several runs but the reaction time was extended.

Distlillation of & small portion of the obtalned alcohol
(fig. 3(a)) showed that the crude mixture was about 70 percent of
the desired alcohols, 20 percent of the piperylene dimer, and 10 pexr-
cent low-bolling material. The bolling range of the dimethylcyclo-
hexylcarbinols was 207° to £15° C at atmospheric pressure.

Dehydration of the dimethylcyclohexylcarbinols, - In a typical
dehydration run 8.3 kilogrems of the crude-alcchol mixture was taken
directly from the hydrogenation reactlon without further purification
and passed through a 2-inch by 10-foot column packed with alumina
catalyst., The temperature of the column was maintained between 380°
and 400° C; approximately 10 hours was required to complete the
delydration, The recovered reaction product congisted of 6.62 kilo-
gramns of the hydrocarbong. The trirethylcyclohexenes were then sep~
arated frocm the other constituents by fractlionatlion in a Z2-inch by
1Z-foot cclumn containing Fenske-tyve packing. A typical digtillation
curve of trimethylcyclohexenes is shown in figure 3(b). The main part
of the curve shows the cyclohexene isomers; the end of the curve shows
the soparation of the dimer. The yleld of the trimethylcyclohexenes
(63 percent) epproximsted the percentage of the alcchol content of the
crude materiel as shown by figure 3(a). This curve irndicated that
the pure alcohol would probebly give nearly quantitative ylelds upon
dehydration.

Dehydrogenation of the trimethylcyclcohexenes. - A charge of
19.2 kilograms of the trimethylcyclohexenes (bolling range 146° %o
156° T) was passed through a 2-inch by 10-foot column packed with
chromia-alumina catalyst. The dshydrogenation, which was maintained
et & temperature between 450° and 470° C, required about 65 hours,

The dehydrogenated material (17.3 kg) was fractionated on a
100~theoretical-plate column to yield 14,72 kilograms (79 percent)
of 1,2,3-trimethylbenzene (fig. 3(c)). It was necessary to strip
the product over godium in order to remove the yellow color.

Alircraft Engine Rosearch Laboratory,
Naetional Advisory Committee for Aercnavtics,
Cleveland, Chio, May 2, 1946.
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Refractive Index, Density, and Freezing Point,

TABLE I - FPHYSICAL CONSTANTS OF 1,2,3-TRIMETHYLBENZENE

i Freezingi{Boiling !Index of |{Density
point voint atlrefrac- jat 20° C

Source (°c) 760 mm  ltion (srems/

(°c) 20 ml)
“p

Reference 8 -25,41 |-wmm—are- 1.5130 } 0.8944
Reference 12 1 -25.47 178,10 [=m~m==m=m .8951
Reference 13 -25,450 | 178.15 | 1.5139 .8950
NACA "best" samplel-25.41 176.02 1.5138 .5944
NACA engine sample|{-25.97 176.05 1.5137 .£3943

Wational Advisory Commilttee
Tor Aeronautics
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